Purpose Corneal graft rejection is the most common reason for the failure of an allograft corneal transplant. We undertook this study to identify and compare risk factors and treatment outcomes for early and late corneal graft rejections after optical penetrating keratoplasty. Methods A retrospective case file analysis of 880 primary penetrating keratoplasties was performed at a tertiary ophthalmic care centre. Patients were divided into early rejectors (rejection episode within 6 months postoperatively) and late rejectors (rejection episode after 6 months postoperatively). Main parameters evaluated were demographics, preoperative diagnosis and clinical signs, donor tissue details, surgical technique, details of rejection episode, treatment, and outcome information. Results A total of 156 patients with rejection episodes were identified. Of these, 42 (26.9%) patients experienced early rejection episodes and 114 (73.1%) patients experienced late rejection episodes. Preoperative donor and recipient characteristics, surgical technique, and clinical presentation of graft rejection were found to be similar between both groups after a Bonferroni correction was applied (P40.005). Treatment outcomes of graft rejections were not significantly different (P ¼ 0.46) between early and late rejectors, with 83% of patients responding to rejection treatment (80% early rejectors; 85% late rejectors). Conclusion Patients with early and late graft rejection have similar characteristics and both groups respond to treatment equally.
Introduction
Graft rejection is the most common cause of corneal graft failure in which the host's immune system actively destroys the donor tissue. [1] [2] [3] Several studies have identified risk factors for rejection, such as corneal neovascularisation, presence of herpetic eye disease, and repeat corneal grafting. 1, 2, [4] [5] [6] [7] [8] [9] [10] Whilst there is extensive literature identifying risk factors for corneal graft rejection, there is limited data looking at the timing of these rejection episodes. It is currently not known whether the risks for corneal graft rejection in the early postoperative period are different compared with late rejection. If a patient could be identified as at increased risk for graft rejection at a particular point in time, then postoperative care could be modified to increase the chance of graft survival.
The aim of this study was therefore to identify and compare risk factors and treatment outcomes associated with early and late corneal graft rejections.
Materials and methods
A retrospective file review of hospital medical records identified all patients who underwent a penetrating keratoplasty between 1991 and 2006 at the Royal Victorian Eye and Ear Hospital, Melbourne. Operations were performed by various corneal surgeons of differing experience throughout the investigative period. The files were perused for evidence of corneal graft rejection and cases of optical PK involving corneal graft rejection were analysed. Patients were divided into early rejectors (rejection episode within 6 months postoperatively) and late rejectors (rejection episode after 6 months postoperatively). Only data from the first rejection episode in either eye was used in the analysis, so as to reduce bias from patients with multiple rejection episodes.
The exclusion criteria were patients o18 years of age (at the time of surgery), those with non-penetrating forms of keratoplasty, therapeutic or tectonic keratoplasty, patients with a second or subsequent keratoplasty, patients with incomplete scheduled follow-ups, and those who were not followed up at the same centre. Also, we chose to exclude hot grafts where the risk of rejection is inherently high, such as active, chemical injuries and corneal perforations. Graft rejection was defined as any episode involving the presence of combination of any of the following: (a) oedema in a previously clear graft, (b) presence of keratic precipitates (KP), (c) presence of an epithelial or endothelial rejection line, and (d) presence of cells and flare in the anterior chamber (AC); a definition, which is consistent with current literature. 3 Patients with corneal oedema alone in the absence of other inflammatory signs were excluded to avoid potential cases of graft failure. Treatment of a graft rejection episode was considered successful if there was a decrease in steroid medication, combined with decline in (a) corneal oedema, (b) AC activity, and (c) epithelial or endothelial lines, for two or more consecutive follow-up appointments. Demographics, preoperative clinical profile, donor tissue details, surgical details of PK, details of rejection episode, treatment, and outcome of rejection episode were extracted from patients' files. Ethical approval was obtained from the Human Research and Ethics Committee at the Royal Victorian Eye and Ear Hospital for this retrospective review, which was conducted in accordance with the Declaration of Helsinki.
Statistical analyses
Patients were categorised as early rejector or late rejector to identify differences between the two groups. Early rejectors were those who presented with corneal graft rejection episode within first 6 months postoperatively, and late rejectors were those who presented with graft rejection episode later than 6 months after surgery. Descriptive analyses were performed to characterise the participants' socio-demographic and clinical data. These included gender, age, indication for keratoplasty, past ocular history, presence or absence of crystalline lens, intraocular pressure (IOP), and presence or absence of other ocular features such as, corneal oedema and neovascularisation. Variables associated with the donor material used in our analyses included age, gender, cause of death, preservative used, storage times, and endothelial cell count. Surgical details analysed included donor and recipient cut size, suture type, associated surgeries, and surgical complications. Details of rejection episode were documented, including timing of episode, presence or absence of endothelial line, AC cells or flare, KP, and presence of any residual sutures. Treatment of the rejection episode was analysed next, followed by outcome in terms of success or failure of treatment of rejection episode.
Univariate analyses using w 2 -statistic and Fisher's exact test for categorical, and Student's t-test or one-way ANOVA for continuous data were performed to identify factors that differed early and late rejectors. Binary logistic regression analyses for predictors of early rejectors were performed for variables, which were statistically significant in the univariate analyses. Data were analysed using the SPSS statistical software (Version 16, SPSS Science, Chicago, IL, USA).
Owing to the large number of statistical tests we are running on our sample, we chose to use a Bonferroni correction, and designated a P-value of 0.005 to indicate statistical significance.
Results
A total of 880 cases of PK, performed between 1991 and 2006, were identified. Of these, 229 cases of optical PK with subsequent corneal graft rejection were identified. After applying exclusion criteria, 156 files were available for review in the final analysis.
Clinical background of participants
The preoperative clinical characteristics of all patients with a graft rejection are shown in Table 1 . Both groups were well matched for age and sex, with no significant differences between the two groups (P40.005).
Pseudophakic bullous keratopathy (PBK) was the most
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Eye common indication for corneal transplant (37%), followed by keratoconus (21%). About 24% of PKP were performed for other varied reasons such as corneal stromal dystrophies, corneal decompensation secondary to other surgery, and traumatic scars, all of which were similarly distributed between early and late rejectors. Glaucoma was the most common comorbidity (21%), and prior retinal surgery was uncommon (4%). In all, 66% of patients had signs of corneal oedema at the time of grafting, and 14% of patients had at least one quadrant of corneal vascularisation. IOP was generally well controlled preoperatively, with an average ± SD pressure of 16±5 mm Hg. Overall, there were no statistically significant differences between the two groups (P40.005).
Graft donors
There were no statistically significant differences between the donor characteristics in both groups. 
Surgical technique
There were no statistically significant differences between the surgical techniques employed in both groups. Few patients had donor or recipient trephination sizes 49.0 mm Early vs late allograft rejection after penetrating keratoplasty C Perera et al in both groups (5% and 3%, respectively), with the majority of donor and recipient trephined sizes being 8.0-8.9 mm (71% and 72%, respectively). Interrupted sutures were most commonly used during the operation (72%). Cataract extraction was the most frequent surgery performed in conjunction with the PK (19%). Wound leak requiring resuturing was the only complication of note, with 14% of cases requiring this postoperatively. The differences between the early and late rejectors on any of these surgical factors were not statistically significant (P40.005).
Postoperative medications routinely consisted of antibiotic and corticosteroid eye drops, most commonly chloramphenicol 0.5% four times daily and prednisolone acetate 1% six times daily. In most patients, the corticosteroid eye drops were tapered by one drop every month, beginning at the third postoperative month. All patients were followed up in the corneal clinic at 1, 3, and 6 weeks, and 3 and 6 months postoperatively. Thereafter, the minimum follow-up visit schedule included a visit between months 6 and 12, and then annual visits through 5 years.
Diagnosis and presentation of graft rejection episode
The clinical diagnosis of all patients with suspected corneal graft rejection was confirmed by a corneal specialist. For all graft recipients, the mean time ± SD to rejection was 17 ± 19 months, with 80% of rejections occurring within the first 24 months after surgery (Table 2) . Overall, 42 (27%) patients experienced rejection episodes within 6 months after surgery whereas 114 (73%) patients experienced late rejection episodes, later than 6 months after surgery. At the time of presentation, AC inflammatory signs were noted in the form of KP (71%), AC cells (80%), and flare (55%). Endothelial rejection lines were uncommon (8%). Mean IOP at the time of presentation was 15.0 ± 4.9 mm Hg. There were no statistically significant differences between the two groups' characteristics at the presentation of the rejection episode (P40.005; Table 2 ). There were 10 cases in which the diagnosis of graft rejection was based on the presence of corneal oedema only. These were excluded from the initial analysis.
Treatment and outcome of rejection episode
Prednisolone acetate 1% eye drops were the most frequently prescribed topical agent (55%) ( Table 3) . Topical dexamethasone was rarely used, but exclusively amongst early rejectors (14%, Po0.001). Twenty-seven percent of patients were not prescribed hourly topical Eye steroids, as per the standard treatment regime. Systemic treatment was rarely used (3%). Rejection episodes responded well to treatment, with most (83%) being successfully managed. No other differences were found between the early and late rejection groups on the other treatment and outcomes variables (P40.005; Table 3 ).
Further statistical analyses
We also analysed our results after inclusion of cases where corneal graft oedema was the only clinical sign of rejection (n ¼ 10). This did not significantly alter the results. On further analysis of data at 3 months, and 12-month cut-off time, our findings were mostly similar to those using a 6-month limit. These data were therefore not presented as well.
Multivariate analysis
Multivariate analyses were performed to ascertain whether any factors were independently associated with early rejection. We found that there were no preoperative characteristics, donor factors, surgical factors, clinical characteristics at presentation of rejection episode, or treatment factors, which independently predicted an early graft rejection (P40.005).
Discussion
Attempts to identify and modify risk factors associated with corneal graft rejection are well reported in the literature. 1, 4, 7, 9 However, there is no study that has comparatively evaluated the characteristics and treatment outcome of corneal graft rejection at different time points after penetrating keratoplasty. We undertook the present study in order to determine whether there were different risk factors and treatment outcomes in early and late rejectors. Only elective optical penetrating grafts were included for analysis in order to control the number of variables to be analysed. A Bonferroni correction was applied to our results to address the problem of multiple comparisons. We chose 6 months as the cut-off time for early and late rejectors on the basis of the evidence provided by the Cornea Transplant Follow-up Study conducted across the United Kingdom and Ireland in which the risk of graft rejection was found to be the highest during first 150 days postoperatively. 2 Overall, in our cohort, 42 (27%) patients had early rejection episodes whereas 114 (73%) patients experienced late rejection episodes. Our results showed that none of the characteristics in preoperative clinical profile of patients differed between the two groups. This contrasts with the study done by Vail et al 4 who found that preoperative age, diagnosis, and glaucoma impacted time to rejection, though they did not specify the details of this association. Overall, the effects of age and glaucoma on graft rejection have been the subject of much conjecture in the literature, 4,10-15 and we believe our findings support the hypothesis that neither of these factors impacts on graft rejection. Donor tissue factors and surgical techniques did not have an impact upon the timing of rejection episode in our study, which is consistent with the current opinion that donor factors and surgical technique have a little impact upon corneal graft survival. 16 Recently compiled data from the Cornea Donor Study has also shown that donor characteristics, such as donor age, ABO compatibility, method of tissue retrieval, processing factors, and timing of use of the cornea, are unrelated to the risk of graft failure. [17] [18] [19] 
Eye
The Cornea Transplant Follow-up Study reported that use of mixed suturing, larger grafts, and grafts with poor matching at HLA class I antigens were associated with an increased risk of rejection. Risk of rejection reduced with increasing recipient age, increased for those with glaucoma or with diagnoses of secondary endothelial failure and inflammation, regrafts, and large grafts. This study had confounding variables, most importantly the inclusion of non-optical and therapeutic corneal grafts in the analyses. Furthermore, there was no information regarding the timing of graft rejection after corneal transplantation. None of these factors were found to be associated with the timing of occurrence of corneal graft rejection in our study.
Treatment prescribed for corneal graft rejection in our study is consistent with other studies, with prednisolone acetate being the most commonly prescribed topical steroid. 20 Treatment in both the group was similar with the exception of dexamethasone, which was used more commonly amongst early rather than late rejectors. Dexamethasone has been used as a standard therapy for treatment of graft rejection in an earlier study with a high rate of reversal of graft rejection episodes. 21 Though this is an interesting finding in the present study, further work is needed to confirm this result as patient numbers using dexamethasone were small resulting in a study power of 4%, which is insensitive to detect a risk reduction at a level of 0.05.
Overall, outcomes of early and late episodes of graft rejection were found to be quite similar, with 83% of patients having their rejection episode successfully reversed with medical treatment, with both early and late rejectors reaching an end point in similar time frames. However, no statistically significant difference was found in the preoperative and intraoperative characteristics in both groups. We also looked at a 3-month and 12-month cut-off time, and our findings were mostly similar to those using a 6-month limit. These data were therefore not presented.
We recognise that there are limitations to this study, especially because of the retrospective nature of the study design. The quality of data is dependent upon documentation provided within the patient files. In order to lessen recall bias, all cases of PK were reviewed for evidence of graft rejection rather than rely on medical record coding of rejection episodes. Reviewer bias was minimised through use of strict guidelines to accurately identify events, such as rejection episodes, and outcomes, and where notes were unclear, a second reviewer was consulted. Owing to the extended time course of this review, various surgeons were involved in the care of this patient group; however, we did find that a similar surgical technique was used between both groups (P40.005). Furthermore, whilst there were a variety of surgeons involved, all cases of PK were managed and followed up at a single centre, where a standard practice for management of PK patients is followed. We also believe that there are limitations regarding the definitions of corneal allograft rejection that are being used for such studies. Although standard criteria were employed for the diagnosis of allograft rejection in the present study, there may be potential for over as well as under diagnosis.
We did not study HLA/ABO matching as these factors have not conclusively altered the outcome of corneal transplant rejections, and have been shown to not impact upon transplant failure either. 9, 16, 17 In conclusion, our study indicates that the timing of corneal graft rejection cannot be predicted on the characteristics analysed herein. Our study also shows that both early and late rejectors respond equally to treatment for corneal allograft rejection.
